Based on the method of Casey (1), the present paper makes further development in using Bezier polynomial patches to define the geometrical shape of the flow channels of compressors. There are two advantages in this new method. First, in the geometrical construction process the blade profile and the contour of impeller's meridional channel can be given by the same number of patches of the same degree so as to avoid more complicated repeat computations. Second, for curved surface construction there are no restrictions of linearity in the spanwise direction in order to match the distribution of flow angles at the inlet better and to fit the needs of various load models. Some examples have shown that the shapes produced by Bezier polynomial patches are general enough to be used in the design of new compressors and in approximation of the geometry of existing ones. The method is particularly suitable for incorporation into a computer-aided design procedure. 
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ABSTRACT
Based on the method of Casey (1), the present paper makes further development in using Bezier polynomial patches to define the geometrical shape of the flow channels of compressors. There are two advantages in this new method. First, in the geometrical construction process the blade profile and the contour of impeller's meridional channel can be given by the same number of patches of the same degree so as to avoid more complicated repeat computations. Second, for curved surface construction there are no restrictions of linearity in the spanwise direction in order to match the distribution of flow angles at the inlet better and to fit the needs of various load models. Some examples have shown that the shapes produced by Bezier polynomial patches are general enough to be used in the design of new compressors and in approximation of the geometry of existing ones. The method is particularly suitable for incorporation into a computer-aided design procedure. 
INTRODUCTION
Computational technology has become more and more popular in the design of various compressors so as to improve their performance (5) . In recent years, a computer-aided design method (CAD) has been advanced for axial and centrifugal compressors (6), (7) . One of the main problems in CAD which should be overcome is how to efficiently input shape information to the computer and easily control the geometry. It is obvious that the method used in the past to describe geometry by an array of points is neither precise nor convenient. In order to take advantage of the computer technique to design various components of compressors it is desirable to describe geometries by analytic expressions (1), (2), (3). Several methods using analytical expressions have been developed. Among these methods, the one which use the bernstein-Bezier polynomial patches to define the geometrical shapes of the flow channels is notable because of its good feature (1), (4). Casey (1) has sho,%in how these type of patches can successfully be used to model the geometry of industrial compressors and he has given some examples. The approach in the present paper is quite similar to the method of Casey. The main differences are: (A). Blade surfaces and the contour of the impeller's meridional channel can be given by the same number of patches of the same degree, in order to reduce repeat computations and computing errors. (B). In ref.
(1), it is only possible to construct blades which consist of a series of straight-line elements; i. e. only the camber line angles p on shroud and hub contours can be given in advance. It is certain that such surface are considered easier to machine. However, the straight-line element blade is not always aerodynamically acceptable. In the present paper, besides the given distribution of the blade camber angles # on shroud and hub contours, additional distributions of along arbitrary number of curves in the channel can be * Professor ** Research Associate specified by the designer. This means that there is no restriction of straight-line element in the Spanwise direction for the surface constructions. Thus, the method can be used widely in designing compressors and the advantage of describing geometry by analytic expression remains. The approach used to design the blade profile and flow channel of compressor is described together with some examples in this paper.
MATHEMATICAL EXPRESS OF THIS METHOD
The description of Bezier functions, Bezier curves and Bezier surfaces has been given in ref. (1) . Therefore, the present paper only gives a brief explanation about it for the convenience in the following discussion.
The Bezier function is a polynomial expression with parameters. The general form of the Bezier polynomial is given by:
where: n -degree of polynomial, n.1
The geometric interpretations of R and PK are shown in Fig. 1 . Because the degree of polynomial is unlimited and the vector P. can be an arbitrary point in the space, the Bezier polynomial can be used to define any space curve. The curve is called Bezier curve. A three-dimensional-curved surface can be defined by a series of lines joining points of constant u of two adjacent Bezier curves, as shown in Fig.2 . The surfaces is called Bezier surface. The second parameter v introduced in the procedure is quite similar to the first one. In Casey's method, it is only possible to construct surfaces which are linear in the v-direction. Thus, the three-dimensional-curved surface can be expressed by the following equation:
Sometimes, the distribution of flow angles at the impeller inlet should be well matched so as to perform the optimum distribution of the angle of attack along the blade span. Sometimes, the geometry of blade surface is very complicated to satisfy the needs of optimum load models. In these two cases, it is not possible to accurately express the blade surface using the surface defined by equation (2) . Therefore, a curved line instead of a straight-line must be used to join points of constant u of adjacent Bezier curves. That is, the Bezier polynomial in the v-direction is not linear. Thus, a three-dimensional-curved surface can be constructed by a series of curved generating lines which join the points of constant u of three or more Bezier curves instead of by straight generating lines. There are three Bezier curves (v=0, v=\i,,,v-1) as shown in Fig.3 . Then, joining points of constant u of these curves in v-direction by a series of two degree Bezier curves, refering to equation (2), an equation describing the curved surface can be written immediately
where Pk is unknown. Substitution of the point at-the line vzv into the equation (3), Pk can be abtained:
when v=vm , R=Rm , so,
Therefore the curved surface shown in Fig.3 can be represented by Eq.(3). Similarly, a more complicated form of curved surface can also be constructed by joining more than three Bezier lines so long as to increase accordingly the degree of polynomial in v-direction. Theoretically, the degree of the polynomial in vdirection is unlimited. So, a Bezier curved surface can be used to define an arbitrary three-dimensional curved surface. The present paper makes use of the method to define a blade surface. Generaly speaking, the higher the degree of Bezier polynomial is, the more flexibility the curve. Theoretically , there is no difficulty when increasing the degree of polynomial. However, in fact, a high degree leads to a complicated calculating formula and a difficulty in controling shape. An alternative method is connecting several lower degree curves to define a complicated curve. In accordance with this, when curved surface being constructed, a group of patches are performed. The patch is called Bezier patch, as shown in The input data consists of diameters of every section as well as the coordinates of the geometrical intermediate line of the channel. These data can be supplied by a preliminary design computation for the compressor. From these data, the coordinates of corner points can be found. Some additional data is required when the degree of the curve is greater than one so as to find the coordinates of internal polygon points. In general, these additional conditions are expressed as slopes at the corner points of the patchs or expressed as fractions of the lengths of the sides of the polygon. These conditions, perhaps, can not be provided initially, so an iterative process is necessary. The conditions are first established by a guess, then these conditions are corrected succesively in the computing process, until a satisfied shape is reached. Every patch can be found in the procedure mentioned above except for the patch of the impeller section (the patch marked "II" in Fig.5 ) A unified approach of dividing patches is adopted for both the impeller section and the blade surface. As an impeller blade is long and thin, it is convenient to represent it by a single sequence of patches. Four patches used for the impeller section are shown in Fig.6 . Coordinates of the corner points at the inlet and the outlet can be found from input data, for example Po and P4 on shroud. Coordinates of points P, , Pa and P3 are unknown. A curve is made by curve fitting techniques according to design conditions. Take three points on the contour as the corner points, the position for patch boundary points influences the final shape of the blade, so a repeated correction has to be done accordingly. Almost the same method as that given in the appendix of Ref. (1) can be taken to define internal polygon points. It is notable how the derivatives at the end of curves are determined. The formulas descripted in the appendix of Ref. (1) where s is the length along the camber line of the blade. Because the blade geometry is unknown at this time, s and u are also unknown. Thus, the above formulas are not available now. Suppose the patches used here would be 3rd degree in the u-direction, from equation (1), the component expression of the third degree function in the x-direction would be written as: (6) To derive the equation (6) with respect to u and let u=0, there exist:
du u=0 where X0-x coordinate of the point u=0
x, -X coordinate of the point which is nearest to the point u=0
The value x,-x o can be determined by guess, so as to find "u1u=0. Similar manner can be used to find I u=0.
The value dr u=0 can be defined by coordinate transformation. duI from derivative formula of parameter equation we can get: dr dr dz dz du du (8) then: dz dr / dr dr tanE (9) du du dz du where E-the meridional pitch angle of the hub or shroud. The derivatives at the point u=1 can be found by the same manner. All derivatives are found now. Using these derivatives, therefore, all the internal polygon points can be obtained.
Blade Surface:
Designing of the blade surface is done after designing meridional channel. Because of being divided in the same patches as meridional section, the r and z coordinates of hub and shroud contours of blade surface have been obtained.
The blade camber surface is generated by adding coordinates to the meridional section. & coordinate are determined by the following equations:
where / is blade camber angle. The distribution of the angle should be given in advance. According to the preliminary design computation of the compressor, in general, only the angles 9 at the leading edge and the trailing edge of blade on hub and shroud can be specified. The determination of the distributions in all the curves is still a iterative process.
For the blade surface with straight-line element, only distributions of angles 9 on hub and shroud are needed. Then, the & coordinate is integrated. Up to now, all of the three coordinates r, z and 9 on the two contours are known. By employing equation (2), the geometrical expression of the blade surface is determined.
More distributions of angle # on intermediate lines should be given for arbitrary form of blade. It is common practice that only the distribution of angle R on intermediate line of channel is given. The 8 coordinate can be integrated from the R distribution. In the meantime, the r and z coordinate on this line is known, by employing equation (3), the geometrical expression of the blade surface is determined.
The suction surface and the pressure surface of the blade are placed an equal circumferential distance either side of the camber surface (1), (2) . that is: 
CALCULATION EXAMPLES AND RESULTS
The mathematical approach above-mentioned has been programed and been used for designing meridional channel and blade profile. Fig.7 shows a compressor's meridional This paper further investigates the method in which the Bezier polynomial has been used to construct the meridional channel and blade profile of compressor. Owing to its universality, the method is suitable to use for designing various flow elements of compressors and turbines. This method combined with aerodynamic analytical program for flow field provides a powerful approach to design various components of advanced turbomachinery.
Supposes, coordinates of pressure surface and suction is two degree in v-direction, it is not straight genersurface can be solved by formula(10).
ating line element. The projection of the blade camber The modification to the end patches at the leading on the planes of r-z (the meridional plane) and x-y (the and the trailing edges can be made in order to produce plane being perpendicular to axis of compressor) is shown rounded shapes, much in the similar way mentioned in in Fig.11 and Fig.12 .
Ref. (2) .
channel approximated by the curve calculated by the method mentioned in this paper. This meridional channel includes inlet section, impeller and vaneless-diffuser. As shown in this figure, the calculated results agree with the meridional contours of the compressor very well. Fig.B indicates the variation of the curve's shape owing to different derivatives values of , -at the end of the curves. Fig.9 shows the various curves determined by different corner points of the patches. Because the adjustment of the corner points and the derivatives at the end of the curves is convenient, the curve's shape can be controlled very easily. This program has been used to design the threedimensional blade profile of compressor. The input date is given as follows: according to given fj at inlet and outlet, suppose fl at corner points of patches. Then, the distribution of can be fitted by.using Bezier polynomial. The distribution of fl is shown in Fig.10 in which the distributions of fl along hub, shroud and intermediate line are given. Therefore, the blade
